Objectives: This study was undertaken to investigate the relation between dietary fat composition and adiposity in adult men. Subjects: A sample of 128 male subjects who participated in Phase 2 of the Que Âbec Family Study. Design: The association between adiposity and total dietary fat intake (TFI), saturated fat intake (SFA), monounsaturated fat intake (MUFA) and polyunsaturated fat intake (PUFA) was analyzed in the overall sample. A comparison of body fatness was also performed between consumers of high (4th quartile) and low amounts (1st quartile) of TFI, SFA, MUFA and PUFA. Results: Signi®cant positive correlations were found between the percentage of dietary energy as total fat and body fatness. Men in the upper quartile of TFI displayed signi®cantly more adiposity than those in the lower quartile. Signi®cant differences were also observed when quartiles were established using SFA and MUFA. However, higher intakes of PUFA had no statistical effects on adiposity. Conclusion: These results con®rm the notion that high fat diets might lead over time to excess body fat deposition. SFA and MUFA intake also seem to be predictors of actual adiposity markers while high PUFA intake seems to exert no effect on these markers. Sponsorship: This work forms part of a research program supported by the Medical Research Council of Canada (PG-11811). Descriptors: obesity; polyunsaturated fat; fatty acid composition; lipid intake; three-day dietary record.
Introduction
Health professionals agree that dietary fat intake should contribute to approximately 30% of the daily energy intake. In the United States, the dietary fat intake is known to provide from 31.9±36.9% of total daily energy intake for adults of both sexes and of all major ethnic groups (NHANES III, 1988±1991) and it has been repeatedly proposed that lowering fat intake might be bene®cial to a weight maintenance program (Flatt, 1991; Thomas et al, 1992; Westerterp, 1993; Astrup et al, 1994) . Furthermore, population studies show positive associations between fat intake and adiposity (Dreon et al, 1988; Romieu et al, 1988; Tremblay et al, 1989; Colditz et al, 1990; Miller et al, 1990; Klesges et al, 1992; Tucker & Kano, 1992; Tremblay et al, 1995) . This association is likely explained by macronutrient imbalance favoring an excess fat intake above fat oxidation. Indeed, there is some evidence that excess dietary fat does not promote its own oxidation (Flatt et al, 1985; Flatt, 1988; Bennett et al, 1992) as does excess intake of carbohydrates (Flatt, 1988) . It has also been demonstrated that high fat diets give way to overconsumption because fat seems to have a lesser effect on satiety than do other macronutrients (Blundell et al, 1993) .
Recent studies have drawn attention on the idea that all lipids are not equivalent regarding their potential to favor a positive fat balance. Experimental data from animal studies have shown that rats fed a saf¯ower diet as opposed to a beef tallow diet, accumulated less body fat, demonstrated higher diet induced thermogenesis (DIT), lower respiratory quotient (RQ) (Shimomura et al, 1990) , and higher sympathetic activity in brown adipose tissue (Takeuchi et al, 1994) . Moreover, the higher body fat accumulation under the beef tallow condition seems to be due to a decrease in sympathetic nervous system activity in rats (Matsuo et al, 1995) . Since saf¯ower oil is composed of 78.6% polyunsaturated (PUFA), 11.4% monounsaturated (MUFA) and 9% saturated (SFA) while beef tallow is composed of 2.1% PUFA, 47.4% MUFA and 48.9% SFA, these results suggest that differences in fatty acid (FA) composition could be underlying the differences observed.
The dietary proportion of saturated to unsaturated fat possibly affects the net contribution of fat to energy expenditure in humans (Jones et al, 1985) , and it was demonstrated that the DIT was greater for the high polyunsaturated to saturated fat ratio diets than for low polyunsaturated to saturated fat ratio diets (Jones & Schoeller, 1988) . Recent data showed that obese subjects partition less SFA for oxidation postprandially as do their lean counterparts (Jones et al, 1992) . It was also reported that an increase in the amount of dietary PUFA, while maintaining a low fat diet, increased whole body oxidation of medium and long chain fatty (Clandinin et al, 1995) .
Due to the growing interest concerning the composition of dietary fat in relation to obesity, data were retrieved from the Que Âbec Family Study to further investigate this topic in a sample of unrelated men. The study was undertaken to evaluate the association between total fat intake (TFI), SFA, MUFA or PUFA intake and morphological indicators.
Methods
The group investigated was composed of 128 men from Phase 2, Generation 2 of the Que Âbec Family Study. Phase 2 consisted of subjects who were divided into three subgroup generations, namely grandparents, parents and children. Grandparents and children were not considered because the number of subjects in these subgroups was insuf®cient and the morphological characteristics of elderly and adolescent individuals differ from those of mature adults. The characteristics of adult male subjects are described in Table  1 . The protocol of the study was approved by the Laval University Medical Ethics Committee.
Morphometric evaluation
A detailed description of the morphometric evaluation has already been published (Georges et al, 1990) and is summarized here. The body mass was taken with a standard beam scale with subjects dressed in T-shirts and shorts. Skinfolds thickness was assessed with Harpenden caliper on the left side of the body at six sites (triceps, biceps, subscapular, suprailiac, abdominal and medical calf) and circumferences (waist, hip and abdomen) with a standard tape measure according to the Anthropometric Standardization Reference Manual (Lohman et al, 1988) . The sum of trunk (suprailiac, subscapular and abdominal) was used to ascertain subcutaneous fat distribution. The sum of six skinfolds is simply the summation of all six sites.
Body density was determined by the underwater weighing technique. The Siri formula (Siri, 1956 ) was used to estimate the percentage of body fat from body density, and fat free mass was estimated from the derived percentage of body fat and the total body weight.
Dietary evaluation
Food intake was assessed by means of a three-day dietary record. The record was taken from two weekdays and one day on the week-end during a typical period of time. A nutritionist explained to subjects individually how to complete the food records and how to measure their food portions. Finally, on collection day the record was reviewed by a nutritionist during an interview with the subject. Food composition of the diet was estimated with a computerized version of the Canadian Nutrient Files (Verdier & BeareRodgers, 1984) .
Statistical analysis
A base 10 logarithmic transformation was used to correct for a skewedness (`0.5) detected in the distribution of all variables. Pearson correlations were performed on all variables. Subjects were divided into quartiles on the basis of the relative contribution (%) of TFI, SFA, MUFA and PUFA to total energy intake. A t-test for unpaired data was used to detect differences between the lower and the upper quartiles. All values are expressed as means AE s.e.m. and differences were considered signi®cant at P`0.05.
Results
The subjects' characteristics are presented in Table 1 . The mean age was 54.6 AE 0.6 y and the mean BMI value was 28.0 AE 0.4 kgam 2 . Energy intake and macronutrient composition can be seen in Table 2 . The contribution of carbohydrates, lipids and proteins to total energy intake was 47.2, 35.5 and 16.2%, respectively.
The pearson correlation analysis shown in Table 3 revealed a signi®cant association between MUFA and all adiposity markers and all but one for TFI, which was fat mass (r 0.17, P 0.07). Adiposity indicators also tended to be positively correlated with SFA intake but this association was only statistically signi®cant for fat mass (r 0.18, P 0.05). No signi®cant associations were established between PUFA and adiposity. Table 4 shows the comparison of morphological indicators for the lower and the upper quartiles of TFI. All comparisons are signi®cantly different except for the sum of six and the sum of trunk skinfolds (P 0.09 and 0.07, respectively). Table 5 shows that when SFA and MUFA were used to classify subjects into quartiles, all adiposity Dietary fat composition and human adiposity E Doucet et al markers were signi®cantly higher in the upper quartile except for weight in regards to SFA (P 0.06). This trend was not observed for PUFA since values of adiposity observed in low and high PUFA consumers were identical (Table 5) . As illustrated in Figure 1 , the difference in central body fat deposition, as estimated by the waist circumference, was substantial and relatively constant when comparing lower and upper quartiles for TFI, SFA, and MUFA intake. In contrast, waist circumference was similar between low and high PUFA consumers.
Discussion
Animal (Hill et al, 1991; Racefas et al, 1992; Boozer et al, 1993) and human (Romieu et al, 1988; Miller et al, 1990; Klesges et al, 1992; Tucker & Kano, 1992 ) studies demonstrated that high fat diets are associated with fat deposition and, over the long term with obesity. Moreover some human studies (Flatt, 1987; Flatt, 1988; Tremblay et al, 1991; Bennett et al, 1992; Blundell et al, 1993; Stubbs et al, 1995) suggest that there are multiple reasons why high fat diets could play a role in the development of obesity. Some studies on animals (Shimomura et al, 1990; Takeuchi et al, 1994; Matsuo et al, 1995) have reported that increasing PUFA intake reduced body fat accumulation and increased DIT and sympathetic nerve activity while lowering RQ. Furthermore, human studies demonstrated that increasing the PUFA to SFA ratio increased the contribution of fat to energy expenditure signi®cantly (Jones et al, 1985; Jones & Schoeller, 1988; Jones et al, 1992) . It was also demonstrated that increasing the dietary PUFA intake affects the composition of oxidized fat (Clandinin et al, 1995) . Thus, the degree of unsaturation of FA most likely has an in¯uence on the partitioning of fat for energy production and in the long term probably plays a role in the etiology of fat storage.
The results from this study tend to implicate dietary FA composition as a potentiating factor for weight maintenance or gain over time because high intakes of SFA and MUFA are signi®cantly associated with an increase in adiposity. In that respect, our results showed that signi®-cantly larger quantities of PUFA were associated with no signi®cant differences in adiposity. In contrast, previous data have shown that diets with high MUFA content do not promote weight gain and may even have a bene®cial effect on weight loss in subjects with non-insulin-dependent diabetes (Walker et al, 1996) . Our results tend to show otherwise since they indicate that high MUFA intake seem to be equivalent to high intake of TFI or SFA, in regards to their potential to favor fat gain. This discrepancy might be partly attributable to the fact that subjects in the above mentioned study were non-insulin-dependent diabetes patients. Furthermore, the lack of literature pertaining to this issue does not permit, on the basis of the above mentioned study and the present one, to determine whether or not MUFA intake potentiates or protects against body fat storage. This is however not the case for PUFA since higher intake of this type of fatty acids seems to be associated with lesser adiposity. Furthermore, this observation is supported by a large body of experimental data both in humans and animals. It is consequently of some importance as it suggests that consuming diets rich in PUFA does not exacerbate weight gain as do other types of fat. In that respect, it might be argued that the ones who consume more fat are also the ones taking in the most kilocalories, thus the higher energy intake might be responsible for the differences observed between lower and upper quartiles. Indeed, it has been reported on numerous occasions that high-fat intake leads to positive energy balance which ultimately leads to enlarged body fat stores (Lissner et al, 1987; Dreon et al, 1988; Romieu et al, 1988; Tremblay et al, 1989) . As suggested by Flatt (1991) and demonstrated by others (Schutz et al, 1992; Astrup et al, 1994) , this fat gain promotes a reequilibration of energy intake to expenditure. It is also dif®cult to assess whether factors other than FA composition (ethnicity, social economic status, vegetarianism, etcF F F) are responsible for the observed trends. How- Dietary fat composition and human adiposity E Doucet et al ever, since the sample was very homogenous regarding those issues and that there were no vegetarians included in this cohort, we can assume that our results are not biased by such contaminating factors. The single most important issue about these data is that they are entirely based on a three-day dietary record and that one must be careful before drawing de®nitive conclusions concerning the effect of the composition of dietary fat on adiposity based on these results. Results from the threeday dietary record gave only estimates of the habitual food intake. It was reported that a 10-day dietary record is necessary to be within AE 10% of total fat intake (Bingham, 1987) . It might presumably be longer for an accurate estimation of FA composition. It is also important to remember that in proportion when an individual consumes more of one type of fat, he also consumes less of the other types. Hence it is hard to distinguish if it is the reduction of one vs the increase of the others, or just a combination of both conditions which affects adiposity. One also has to consider that the results from this study are entirely based on self-reported data. An under-reporting of food intake under these conditions is well documented (Herbert et al, 1995; Heyms®eld et al, 1995; Livingston, 1995) and it has also been demonstrated that obese individuals have a tendency to under-report food intake to an even greater extent (Forbes, 1993; Swinburn & Ravussin, 1994; Schoeller, 1995) . However, even if under-reporting might have occurred in this study, it is unlikely that it affected the macronutrient composition and even more unlikely that it affected relative FA composition. Furthermore, since obese individuals under-report the most and as our results show an association between high fat consumers and adiposity, we can infer that actual food intake values would still have classi®ed the fattest individuals in the upper quartile of fat intake, and might have increased the correlation between FA composition and adiposity.
Conclusions
The results from the present study support the notion that high fat diets might lead over time to a higher prevalence for one to become obese. Furthermore, SFA and MUFA intake also seem to be associated to enlarged body fat stores. Our ®ndings are also in accordance with the notion that high PUFA intake promotes to a lesser extent body fat accumulation. Thus, these results give some insight into the role of dietary FA composition on weight control, but this issue deserves con®rmation by studies designed to test more directly the effect of PUFA on energy balance.
